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ARSTRACY

The new NASA patradign calls for moie frequent, low cost, swall spacecraft iissfons capable of returning high - value planctary
science, This challenge also extends to the rapid Inser ilon of advanced technologics acr oss all spacecralt subsystews as an
enabling tool for building these highly capable minfaturized science platforins inthe spitit of "faster, better, and cheaper.”
This paper presents the JP'L w' sloa of near-term anti emerging Guidance, Navigation, and Control (GN&C) subsystem
technologies that will help fashion the future of low-cost planetary missions.

INTRODUCTION

The iajor GN&C mission support roles for future planetary spaceciaftinclude attitude stabilization, A-V trajeclory corrections,
science Instratent pointing, target feature tracking and image motion commpensation, racial/lldar and gravity-field mapping
mancavess, actobraking contrel, and disturbance compensation To achicve low cost milssions will require a radical change
fromthe cursentdependence on real-ln,e, hands-on ground support In misston operations,  Low opcrational costs can he
realized through greatly fncveased onboard antonomy and relance on the adaptability we buildinto control systems. Future
missions to explore plancts, conets, and asteroids will eruphasize fast-flying, agile spacecraft that are capable of jusuring
mission success inthe face of a wide range of uncertainties, both on-board andinthe external envitonment. Whether the
mission is a fast flyby, rendezvous and stationkecping, orbiter, swi{ace probe, or lander, the issues of component degradation
and failure, disturbance Interactions, ephe eris uncertaiuity, and unknown tasget features will always be present.

Likewise, as block redundancy is traded for lower cost and mass, new ways of introducing fault toles ance and maintaining per-
for yoance will be needed. For exaunple, functional and analytic redundancy through smari-sensor data fusion or mixed use of
Impulsive and proportional momenturn- exchange effectors will provide a graceful loss of perfotmance rather than failure. in
these "design-1o cost” spaceciafi, tightly regulated power, fuel, computation, and data storage resource managenent will be
needed. This siruply means that future missions need self-rccorlfi~:uldl}ilily to manage without costly humanintervention and
the attendantinterruption and possible 10s5 of missionreturn, This has motivated JPL's developrient of miniaturized attitude
sensots with ebedded processors and stuat { software, advanced actuator s, and Intellige nt Control technology.

AUTONOMOUS CONTROL TECHNOLOGIES
Intelligent Control

In contrast to conventional fecdback control, where the errorsignal is the main way tc, assure control stability and perfor -
mance, Intelligent Control offers autonomy through self learning, self reconfigarability, approximate reasoning, planuing and
decisionmaking, and the ability to extractthemost valuable Informationfromunstructured and noisy data, These attributes
taay bie realived by the merger of new al networks and furry logic in support of uncertainty-tolerant robust contr ol systeins.

1. Automated Modeling and Control Synthesis{1,2,3)

The three geney ic design Issues for any control system are stability, robustness to modeling uncet taintics, and perfor-
mance. The automated design technology of Modeling aud Control Synthesis (MACSYN) [1] addresses these issues directly
via adetetministic model-based approach. Hgure 1 shows the basic concepnt of MACSYN, This provides the technology for
the fnner loogs (o1 first layer) of the Intelligent Control architecture discussed later,

Firal, the p lant fnputZoutput (170) datafrom prescribed excitations of the systemare processed by systenidentification
(1D) algotithms to generate a mathematical model of the multivariable plant and any disturbances. Based on systenr I
data, additive andmultiplicative uncertainty modelsare created 10 capture systew variations inrigid-body mass
properties, flexible body modal frequencies and damping, plant pararaeter drift, nonlinearities, noise, and disturbances.
Finally, the plant and uncer (ainty models are passed to the robust control design alporithins to generate a controller
(eitherl-Infinity 011 QG methods) that canperformrobustly underthe defined uncer taintics and to the presaiibed
margins., This particulatapproach is referredto as a model-based designtechnique. MACSYN can provide guaranteed
stability and robustness since identification and uncertainty modeling are true for in-flight conditions. During the
wission, a fully automated onboard MACSYN process would provide periodic non-real- time self tuning of the control
systetn nominaldesign, Inthe event of equipment failures, MACSYN could also enable autonomous reconfigutation of
control loops for the best performance using the available control channcls,
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Figure 1. Modeling an d Control Synthesis (MACSYN) baslc concept.




